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Empirical evidence on the role of models and methods NPD is a complex and sizeable activity, with only a low rate of commercial success [6] [7] [8] . In order to reduce NPD risks, a company needs to go through an extensive process before it can introduce a new product in the marketplace. Traditionally, this process is split up into a number of phases: idea generation, screening/evaluation, concept development and testing, marketing strategy development, business analysis, product development, market testing and commercialization [9, p. 310] . However, recently more emphasis has been placed on the fact that, to some extent, these phases are best performed simultaneously. It may help to reduce the time to market of the new product. Multi-functional teams have been put forward as an important way to enhance the commercial success of the new product [10, 11] . Also, numerous new product models and methods have been developed over the years to make the NPD process more manageable. If one considers all possible versions and modifications of the new product models and methods, over 600 different types can be identified [1] . These models and methods generally serve to identify problems systematically and to improve on NPD outcome by obtaining specific insights into opportunities. We classified the most popular models and methods based on four basic NPD questions [12] :
(1) Which product should be designed? (2) How must the product be designed? (3) How should the product be introduced on the market? (4) What is the anticipated success rate of the new product?
These questions relate to four underlying NPD problems, namely:
(1) the idea generation problem; (2) the product optimization problem; (3) the marketing mix optimization problem; (4) the prediction of success problem.
Models for new product development

29
The results of our classification attempt are presented in Figure 1 . Only the models and methods most often cited in the literature are included in our study.
Despite the numerous articles which deal with the contents of specific models and methods, little is known about the extent and the way they are actually used by companies [4, 13] . There is only a small number of empirical studies dealing with this issue [14] . Most of the studies focus on the idea generation stage. Geschka [15] investigated the penetration level of several creativity methods (brainstorming, morphological analysis and synectics) among 500 German companies in the period [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] . He found that, except for brainstorming, these methods had a low level of awareness -although awareness had risen significantly in the time period between the two studies -and were used only on a limited scale. The methods used most were also the ones with the most favourable evaluation. Geschka estimates, based on his research and experience as a consultant, that penetration of idea generation methods had reached saturation in Germany in 1972 [16] . Verhage et al. [17] also investigated methods for idea generation. They performed personal in-depth interviews at nine Dutch companies. They reported little use of formalized procedures to generate new ideas systematically. A more frequent application of such methods appeared to be hindered by the fact that many managers had serious doubts about their effectiveness, even if they were not familiar with them, and could not build on their own experiences.
With regard to models and methods for product optimization, Griffin [18] has estimated that, even today, the use of quality function deployment is limited. This new and comprehensive approach was thought to be used by about two [19] estimate that about 200-400 commercial applications were carried out during the early 1980s. This can be considered a remarkable track record for a new method. With new product research as one of the major businesses of the market research industry, one might expect a continuing prosperous growth.
Apart from the above-mentioned studies which focus on a particular model/method, there seem to be only two studies which address the issue of the use of models and methods from a broader perspective. Schelker [1] investigated several models and methods in Switzerland among 90 small and large companies. He looked at methods of analysis and forecasting, idea generation methods, selection methods and several control/planning instruments. He found a reasonable degree of use of these methods and satisfaction with them. Furthermore, there appeared to be a limited, but important, role of models and methods in dealing with the innovation process successfully. Respondents indicated the use to have some positive impact on perceived project success. Also, Mahajan and Wind [4] have recently contributed to the body of knowledge on the use of models and methods. They found that the use of new product models and methods in the USA by large firms (Fortune 500 firms) is not very widespread. However, despite the low and unfocused use of these models and methods, the users seem to be satisfied with their performance.
Research questions
Looking at the earlier studies and the results from Mahajan and Wind [4] , it is surprising to note that, between the mid-1970s and the early 1990s, the use of these models has not increased, although we must take into account that the empirical results derived from different countries, i.e. Switzerland/Europe and the USA. A possible explanation is that Mahajan and Wind [4] focused on Fortune 500 firms while Schelker [1] also included small firms in his research. Possibly, large firms have already tried and abandoned the use of these new product models and methods. This appears to be the case, for instance, with profit impact of marketing strategy and Boston Consulting Group (BCG) models. McCabe and Narayanan [20] report that large companies were among the first to use these instruments, but stopped using them because they were not able to capture adequately the complexity and turbulence of their markets. However, there are alternative explanations. Potential users may experience an unsupportive organizational climate, as Verhage et al. [17] noted, or even be unaware of the existence of these new product models and methods. As Mahajan and Wind [4] confronted their respondents only with the names of the new product models/methods, they could not provide an adequate insight into the problem of awareness and knowledge. In fact, their findings that the respondents used the models and methods in an unfocused manner may be a result of the research approach used, showing that respondents find it difficult to recognize a model/method by name. Another area for research, next to the area of diffusion, concerns the impact which the use of these models and methods has on the Models for new product development 31 company's performance. The aim of using models and methods is to prevent project failure and improve success. To encourage successful use of these models, and to have a positive influence on NPD and company performance, a well-structured NPD organization is required [16] .
To obtain further insight into the awareness, use and effectiveness of the new product models and methods, we formulated six research questions:
(1) To what extent are companies aware of the existence of new product models and methods? (2) To what extent do they use them? (3) At which stages of the NPD process do they use them? (4) Why do they use them? (5) Are they satisfied using them, and what are the main shortcomings? (6) Does their use relate to company performance? We focused on these questions to obtain a better understanding of the role of new product models and methods in the NPD process. The questions integrate a number of issues addressed in previous research and extend the research to the area of the relationship between the use of models/methods and performance. To answer these research questions both qualitative and quantitative research was performed.
Research
Qualitative research
To find out more about NPD in The Netherlands and to learn more about the new product models and methods which are being used, we first decided to conduct a qualitative research. Several expert interviews and a focus-group discussion were planned and executed. The expert interviews concerned three faculty members of the department of industrial design of a well-respected Dutch polytechnic. The focus group was arranged through a project group on industrial marketing from the Dutch Marketing Society. The focus group consisted of seven practitioners, both managers and consultants, involved in NPD. The content of the questionnaire used by Mahajan and Wind [4] was discussed in the expert interviews and focus group.
Both the interviews and focus group pointed out that our research should control for the differences between consumer goods and industrial goods companies (business-to-business). Industrial companies conduct NPD in a different way compared with consumer goods companies [21] . In industrial NPD the customers are, for example, more involved in, and part of, the process itself. Therefore, the extent to which the NPD stages are distinguished or present may differ too. This may affect the new product models and methods that are used. Furthermore, the focus group members indicated several times that they did not know a model or method by name. However, once it was explained they recognized the model/method and indicated use of a similar approach. 
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Sometimes the models and methods were included in, or used in combination with, the tools and techniques introduced by a consulting firm (e.g. McKinsey's toolbox).
Quantitative research
As a result of the qualitative research and the fact that most of the marketing's academic writing on NPD is aimed at consumer goods companies [22] , we focused on industrial companies. The sample gathered was a quota sample consisting of 75 industrial companies, taken from the Dutch ABC register of companies. The respondents were actively involved in the NPD process, such as marketing managers, new-business managers, research and development managers, etc. The response rate was 60 per cent. Mainly marketing managers responded to our questionnaire (70 per cent). The sample comprised four major industries (electronics, machinery, metal and paper) and a group of miscellaneous companies (see Table I ). The median size of the companies was 200-500 employees (see Table II ). The main reasons for non co-operation with the research were "no time to answer the questions" (86 per cent), "we only fill out mailed questionnaires" (6 per cent), and "the company's policy is not to engage in interviews" (6 per cent).
The data were gathered using a computerized questionnaire and telephone interviews. It allowed for a nested approach of questioning, first asking for awareness by name before providing a definition of the model/method. The questionnaire was pretested on a limited scale. This resulted in a few minor changes. Models for new product development
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To limit the length of the questionnaire, the research was limited to 11 models and methods (see Appendix 1). Only models and methods which had shown at least some degree of use by companies in previous research and some level of awareness within the focus group were selected. Market forecast models were excluded, as most of them are specific computer programs with a level of use/awareness below 5 per cent in the USA. Furthermore, the research focused on new-to-the-world products, new product lines and additions to existing product lines, as new product models and methods appear especially useful to support innovative new products [4] .
The variables were operationalized in the following way. Awareness by name and content as well as use and degree of use were asked for each model/method using binomial scales (yes/no), except for the degree of use, which was asked on a three-point scale (sometimes/several times/always). The term use was not specified. It captured both formal and informal use. Though one might expect a positive effect on the level of use, as respondents may have a natural tendency to admit to use of models/methods to look sophisticated and well organized, we found no evidence for such behaviour. In the case of a model or method not being used, we asked whether the technique had been used in the past (yes/no), including the date the technique had been used for the last time. This was done to establish former use as in much detail as possible. Thus, former use is defined as companies who used a model/method but no longer use it.
Based on previous research [1, 4] , a list of options was generated with regard to reasons for use and shortcomings. Satisfaction was measured using a threepoint scale (high/middle/low).
In order to get a good impression of the way the companies had organized their NPD, several additional questions were asked. These included: number of departments involved in the NPD process, degree of interaction between these departments, level of support by top management, and the number and extent to which NPD stages were generally completed. Five-point scales were used, except for the number of stages completed. Eight NPD stages were distinguished [9] .
Finally, we asked for the company's gross profits level relative to its competitors in the industry as an indicator of overall company performance [23] . Again, a five-point scale was used (bad performance compared with competitors'; good performance compared with competitors).
Results
Awareness of the models and methods
As might be expected, the results show that there is a large difference between awareness of a model/method by name and content (see Table III ). The average familiarity of the respondents with the models and methods by name is 30 per cent, whereas the familiarity after explanation is 57 per cent. This is almost double. Six of the 11 models and methods under investigation have an extremely low level of awareness (i.e. less than 15 per cent). Three techniques European Journal of Marketing 29,10 34 have a score below 30 per cent, even after explanation. These are the Delphi method, limited roll-out and synectics. Brainstorming, focus group, product life cycle and in-home use test are to be considered best known and well-known models/methods. They have an awareness of over 80 per cent.
Use of the models and methods
In Table IV we present the results on the use of the different models and methods by the companies in the sample. The average penetration level of the models/methods is 30 per cent. This is about half the number of respondents who know the new product models and methods by content description. Among the models/methods that are mostly used are: brainstorming, concept testing and in-home use test. About 60 per cent of all respondents indicate that they use these models/methods. The Delphi method and synectics are hardly used at all. Their usage level is below 10 per cent. 
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Calculating for the fact that quality funciton deployment (QFD) and conjoint analysis are relatively new methods, and Delphi is a rather complicated method to use, the overall results seems to suggest a more-than-average overall level of penetration of these new product models and methods.
Furthermore, within the sample there are few former users of the models and methods (see Table IV ). For instance, for brainstorming there are only seven former users compared with 46 users. So, compared with the level of users, the level of former users of the different models and methods is low. Only a small number of companies seem to have abandoned these instruments already.
Use of the models and methods at different NPD stages
Most of the models and methods have been developed to deal with specific problems of NPD and are thus meant to be used in specific stages of the NPD process. Table V shows the empirical results. Although we do see a concentration of use at those stages of the NPD process at which the different methods are actually aimed, they are also being used at other stages. This is especially true for a technique like QFD and all idea-generation methods. In fact, except for limited roll-out, all methods are (for more then 25 per cent) used in stages for which they are not intended. Therefore, we must conclude that the different methods are not used in a focused manner.
Finally, a low level of use of models/methods (i.e. a dip) can be noted at the marketing strategy, business economic analysis and commercialization stages.
Reasons for use
For ten out of the 11 models/methods under investigation, the main reason for use is the identification of problems (see Table VI ). For the models and methods at the idea generation "stage" the second most important reason stated is to improve the success rate of the product. However, moving down the NPD process, a shift in reasons for use can be noted. The second most important reason at the product optimization and marketing mix optimization "stages" is to supply support for the company's salesforce or to help in marketing of the new product.
Degree of satisfaction with the models and methods and shortcomings
In order to be able to see how the models and methods perform, information was gathered on the level of satisfaction and the shortcomings perceived. The results are reported in Table VI . They show that most users are very satisfied. The low percentage of complaints registered seems to complement these findings. The users of QFD, focus group and morphological analysis in particular report a high level of satisfaction. However, we must be careful in generalizing these results, as the number of users per model/method is limited.
The main shortcomings are the time for implementation and execution of the models and methods. Forecast inaccuracies and not being able to capture the complexity of the marketplace are also important shortcomings. 
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Effect of use of models/methods on company performance In order to investigate the relationship between the use of NPD models and company performance we performed regression analysis. The independent variables were two factors labelled "degree of organization of the company's NPD" and "degree of use of models/methods", resulting after factor analysing all NPD variables (see Appendix 2). Within the two-factor solution the first factor comprised the five NPD variables: number of departments involved in the NPD process, degree of interaction between these departments, level of support by top management, and the number and extent to which NPD stages were completed (Cronbach α = 0.7). The second factor contained the (sum of the) frequency of use of the models and methods by the company. The dependent variable was the company's level of gross profit compared with that of its competitors. The total model estimated included the main effects of the two factors, but also their interaction effect [24] The results of the regression analysis are presented in Table VII . They show that the model fits. The adjusted R 2 is significant and has the value of 0.14. Both main effects are significant too, but the interaction is not. So, there is only a direct effect of both the degree to which the company's NPD is formally organized and the frequency of use of models and methods on company gross profits.
Conclusions and discussion
The results from the empirical study show that the awareness of new product models and methods by name and content differs considerably. The awareness by name is only 30 per cent for the models and methods included in this research. The awareness by content is almost double -57 per cent. About half of all the people who are aware of these models and methods by content also apply them, resulting in an overall penetration level of 30 per cent. However, large differences can be noted between the different techniques. Brainstorming, concept testing and in-home use test are mostly used.
The level of awareness and penetration of some models (e.g. conjoint analysis) may be affected by the fact that companies contract market research companies to assist them while dealing with NPD-related problems. Future research may therefore be aimed at the developments in the use of new product models and methods by market research companies. 
Notes:
Adjusted R 2 = 0.14; F-value = 4.20; F significance = 0.00; Sample size = 75
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The penetration level of idea generation methods for Dutch companies seems to lag behind that of German and Swiss companies. Geschka [15] and Schelker [1] already report penetration levels similar to ours in the mid-1970s and early1980s. Possibly, these instruments have been pushed more by the universities and consulting firms in these countries. However, the higher usage levels may also be related to the German culture. Germans tend to do things rather systematically [25, 26] .
Comparing our results with those of Mahajan and Wind [4] , several differences can be noted (see Table VIII ). These differences seem to be more dependent on the different types of companies in the two samples than due to the cross-cultural differences. First, Dutch companies seem to make more use of the product life cycle. However, the Dutch sample contained mainly small companies. The large Fortune 500 firms in the US sample have probably already abandoned this simple concept [20, 27] . QFD and conjoint analysisbeing relatively new methods -seem to have a higher acceptance among the US companies. The same is true for the Delphi method. However, again company size may explain the difference. Second, the Dutch companies seem to make more use of concept testing and less use of focus groups and limited roll-out. This may be explained by the different nature of the companies in both samples. The Dutch sample contained industrial companies only, whereas the US sample consisted of industrial goods, consumer goods as well as service companies. In industrial markets companies receive more feedback from their customers on an ongoing basis and are probably more focused on lead users than, for instance, consumer goods companies.
So, overall, the penetration levels of the different models and methods seem to match between the Dutch and US companies.
Just like Mahajan and Wind [4] we find a remarkable distribution of use of the different models and methods over the different stages of the NPD process. Despite the fact that many models and methods are intended to be used for a 40 specific type of problem (i.e. idea generation, product optimization) practitioners seem to apply them at other stages, to identify or solve other problems. They probably use these models and methods in a creative and more practical, and thus less formal, way. This may also have to do with the fact that they perceive the NPD process to be an iterative rather than a sequential process. The fact that a large number of respondents do not know many of the models/methods by name indicates that they may even have (re)invented these models and methods themselves. (Just imagine someone asking a colleague to try out/test an improved product for a number of weeks.) What is remarkable is the low level of use registered at the marketing strategy, business economic analysis and commercialization stages of the NPD process. It may be an artefact of the number of stages in the NPD process distinguished in the research. It may also be caused by the limited number of new product models and methods included in the research. However, more probably, this finding reflects the fact that the companies under investigation are operating in business-to-business markets. In these companies the marketing function is of a different nature and often less well developed [21] . It influences the types of model and method used. For example, Moore [22] reports that 75 per cent of the industrial firms he investigated conducted some market research prior to initial screening, but only 20 per cent conducted large-scale surveys [3, p. 79] .
The identification of problems is the main reason for using new product models and methods. This is true for all models, except for conjoint analysis. With conjoint analysis it is to improve the success rate of the new product. Looking at all models and the different types of problem of the NPD process at which they are aimed, a remarkable shift can be seen within the second reason for use mentioned. At the early stages of the NPD process, the second most important reason for use is to improve the success rate of the product, whereas at later stages generating support for the company's salesforce seems to become more important. The latter finding is an important addition to the findings of Mahajan and Wind [4] who also found the identification of problems and improving the success rate to be prime reasons for use of models and method in the USA. The new finding reflects the stage at which management's attention shifts from developing the new product to commercializing it effectively.
The main shortcomings of the use of new product models and methods are the time they take to execute or implement, predict unforeseen problems and the fact that the market may be too complex to capture all its intricacies by the model. The latter is especially true for qualitative methods like focus group and conjoint analysis, and a simple, single-dimensional concept like the product life cycle. Also, these findings are in line with earlier findings of, for example, Mahajan and Wind [4] . Therefore, Dutch managers experience similar flaws in these models/methods as do their US counterparts.
The respondents tend to be satisfied with the models and methods they use. This is reflected in both the low percentage of former users and the low Models for new product development 41 percentage of shortcomings mentioned. On average, less than 25 per cent of the respondents do mention one or more shortcomings. As this is a subjective measure of performance provided by the users, we may want to be careful in its interpretation. The users may be biased (i.e. exhibit cognitive dissonancesince we have invested in the technique we have to say we are satisfied). However, this outcome is in line with the previous findings [1, 4, 15] . Those who use these models and methods are content. It seems to help them structure their problems. To determine the actual efficiency of the models and methods, future research should develop better measures.
A more objective measure for the effectiveness of the models and methods is the result of the regression analysis performed. It shows a clear link between the frequency of use and company's gross profits. The low R 2 found indicates that other explanatory factors have to be considered. The results do not say anything about the direction of causality. Furthermore, they may be dependent on the type of industry and the complexity of the companies' operations as well as the type of products [18] . Schelker [1] found differences in penetration levels for some models/methods (e.g. analysis and prognosis methods) between industries while Geschka [16, p. 26 ] established a significant difference in the evaluation of success of idea generation methods between industries. Future research in this area is needed. However, the current findings provide important reasons for management to use models and methods in the NPD process. These preliminary results complement success factors like those previously identified by Cooper [3, 28, 29] .
New product models and methods seem to have an average overall level of penetration. As users are generally satisfied, there appears no direct need for major improvements on existing methods. Nevertheless, scholars and practitioners should keep looking for new and better instruments [30] . As a large number of companies are still unaware of the existence of several important models and methods, universities, polytechnics and consulting firms should pay more attention educating current and future managers on this subject.
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Appendix 2: method of analysis Factor analysis was used to reduce the number of variables associated with the organization of the companies' NPD. The factor analysis used the principal component method and varimax rotation. The cut-off criterion used was eigenvalue > 1. The two factors derived explained 59 per cent of variance. The two-factor solution was excepted based on the theoretical argument of treat was the extent of use of the new product models and methods as a separate construct.
The two factors derived refer to the general level of organization of the company's NPD and the extent of use of models and methods. The factors are therefore labelled "degree of organization of NPD" and "degree of use of models/methods" (see Table AI ). 
